This paper reviews biofeedback research from the perspective of cybernetic/feedback theory and applies the theory to the behavioral treatment of psychosomatic disorders. The concept of disregulation is used to elucidate how environmental factors can modulate the central nervous system and effect homeostatic, selfregulatory control of peripheral organs. When feedback from peripheral organs is disrupted, it is hypothesized that disregulation occurs, leading to physiological instability and functional disease. Within this framework, biofeedback provides a new feedback loop that can help individuals regain physiological selfcontrol. Basic research using biofeedback to enhance self-regulation of cardiovascular responses is reviewed. The use of biofeedback in the behavioral treatment of disorders such as tension and migraine headache, hypertension, and epilepsy are selectively reviewed and critically evaluated. The need to consider feedback mechanisms in behavioral and biomedical approaches to treatment is highlighted. Predictions regarding the potential inadvertent perpetuation of disregulation and disease through inappropriate biomedical intervention is also considered.
The early research was derived primarily from learning theory, emphasizing concepts and methods of instrumental [8] or operant [9] conditioning. However, investigators who adopted a feedback perspective tended to stress the role of information in self-regulation, whereas researchers who took a learning approach tended to stress the role of incentives or motivation in the development and maintenance of self-control [10] [11] [12] . As will be emphasized in this paper, information and incentives are both important to the clinical application of biofeedback procedures, and they can be understood in neurophysiological terms.
Yogis and meditators have long claimed unusual powers of voluntary control over their physiology and consciousness, but until recently these claims were dismissed by the scientific community. Since the previous scientific theories or paradigms could not explain such claims, the claims were dismissed as being inaccurate or fraudulent [13] . Not only did previous paradigms in medicine disallow the voluntary control of visceral and glandular responses, but so did the prevailing learning paradigms in psychology. However, stimulated by the development of biofeedback, coupled with advances in neurophysiology, new paradigms have evolved which seek to explain and extend these observations [e.g., 2, 3] . In the process, this new information is revisihg our theories of health and illness, and therefore the means by which we treat and prevent disease.
Unfortunately, the initial fervor for biofeedback was so strong that it became almost fanatical. At times the popular press was filled with uncritical enthusiasm for almost any speculation about biofeedback as therapy. The electronics industry took advantage of this interest and exploited biofeedback in both the medical and lay markets. As a result, today there are at one extreme those who argue that biofeedback can enable humans to control any aspect of their biology at will; at the other extreme, a growing number now dismiss biofeedback as a useless gimmick. The thesis of this article is that neither of these extremes is appropriate. Current research on biofeedback not only expands our understanding of human self-regulation and its applications to medicine, but also helps us recognize its limitations [14] .
DISREGULATION: A PSYCHOBIOLOGICAL MODEL OF PSYCHOSOMATIC DISORDERS
In order to appreciate the potential and limitations of biofeedback in the treatment of psychosomatic disorders, it is essential to view biofeedback within a biobehavioral perspective. The following is a brief introduction to the psychobiology of psychosomatic disorders emphasizing the concepts of feedback [1] and disregulation [2, 3] .
The concept of feedback is central to an understanding of health and disease. As originally posited by the French physiologist Claude Bernard and elaborated by Walter Cannon in his classic volume, The Wisdom of the Body [15] , there is a biological necessity to maintain physiological variables within certain limits in order to survive. This is accomplished by homeostasis, a process requiring an intact nervous system. Homeostasis, therefore, is an internal negative feedback mechanism, devoted to the maintenance of the internal organs. In cybernetic terms [1] , it is negative in the sense that the feedback acts to dampen overresponding in a corrective, stabilizing manner. In this sense the brain can be viewed as acting like a biological "health care" system [3] .
It follows that if the negative feedback circuit is altered or made ineffective, normal self-regulation will not occur, and the system will become unstable (disordered). I have called this instability disregulation [2, 3] which is similar to Miller and Dworkin's [16] concept of anti-homeostasis.
In its simplest form, the model (see Fig. 1 [17] . These individuals are constantly in danger of severely injuring themselves, for they lack the protective mechanisms for detecting and coping with injury.
Although [24, 25] . Conversely, if the feedback and reward is provided for increases or decreases in heart rate, and minimal instructions are again used, subjects rapidly learn to increase or decrease their heart rate without similarly changing their systolic pressure [26] . These data illustrate how biofeedback procedures can enable subjects to learn to control specific responses associated with the feedback in the absence of specific organ instructions. ln more neurophysiological terms, if the brain is required to process the external feedback without any "preconceived notions," it readily learns to regulate those specific neural processes required to activate the periphery and thereby control the feedback.
Subjects can learn to regulate two or more responses simultaneously if feedback and reward is given for the desired pattern of responses. For example, if subjects are given binary feedback and slide rewards only when their systolic blood pressure and heart rate simultaneously increase (BPUPHRUP) or simultaneously decrease (BPdOWl HRdOWn) subjects now learn to regulate both responses [27] . Interestingly, teaching subjects to control patterns of responses uncovers biological linkages and constraints between systems not readily observed when controlling the individual functions alone [3, 11, 14] . For example, when subjects are taught to lower both their systolic pressure and heart rate simultaneously, they tend to show more rapid learning, produce somewhat larger changes, and experience more of the subjective concomitants of relaxation than when they are given feedback for either function alone [27] . When subjects are given pattern biofeedback for making these responses go in opposite directions (BPUPHRdown or BPdoWfn HRUP), regulation of the. two responses is attenuated. These observations are important because they highlight the concept of physiological patterning in both basic research and clinical treatment [3, 11, 14] and emphasize natural physiological constraints that must limit the degree of neural control possible.
In all of the above-mentioned studies, subjects were given minimal instructions about the task. When subjects are specifically instructed to control their heart rate or blood pressure, however, the subject may demonstrate physiological control even in the absence of any feedback [28, 29] . However, it is a mistake to conclude that instructional control is identical to regulation gained through biofeedback! Whereas single system biofeedback leads to learned specificity, instructions often lead to more complex patterns of responses. Hence, the verbal instruction to control blood pressure leads to control of heart rate as well, whereas single system biofeedback for blood pressure with minimal instructions can lead to blood pressure control in the absence of heart rate control. It follows that the precise nature of the biofeedback and the specific instructions used both contribute to the final pattern of responses that the subject will learn to regulate. It should not be surprising to learn that instructions differentially influence physiology. The average adult brain can draw on a variety of neural strategies in its conscious repertoire to control the feedback. Depending upon the specific nature of the instructions, the biocognitive strategies will vary, and therefore so will the peripheral response patterns.
This issue is of more than just academic importance. For example, in certain cases of hypertension the goal may be to lower peripheral resistance in the absence of heart rate changes, whereas for the treatment of angina pectoris the goal may be to lower the pattern of blood pressure and heart rate since the product of these two functions leads to reduced work of the heart and consequently reduced pain [30] . At decrease forehead tension, which, in turn, leads to reduced pain. In one experiment, they found that clinical improvement was significantly greater in the frontalis biofeedback treatment group compared to two control groups, one given false biofeedback, the other given no treatment at all [33] .
There is little question that biofeedback can enhance the self-regulation of muscle activity. In fact, it has been demonstrated that subjects can gain control of individual motor units within a single muscle when provided with the appropriate biofeedback, even though these changes are well below the level of normal awareness [34] . However, Stoyva and Budzynski are careful to point out that gaining control over frontalis tension with biofeedback in the laboratory is but a prerequisite for clinical improvement. Patients must also practice self-regulation in real life situations outside the laboratory in order for the biofeedback training to have any long-term clinical value. This observation is understandable within the disregulation model, since there is no reason to expect that enhancing self-regulation via the addition of external feedback will in and of itself compensate for headache disregulation, especially if the etiology and maintenance of the disorder involves excessive environmental stresses (Stage 1) or maladaptive life styles (Stage 2). Stoyva and Budzynski are careful to tell their patients that they should use the enhanced awareness of muscle tension in their daily life as a signal for them to change their environment and/or their life style (including coping style) in order to maintain low tension levels. If they do not, disregulation will continue and their headaches will likely return.
There are numerous other applications of muscle tension biofeedback under investigation, including applications to various neuromuscular disorders such as hemiplegia due to stroke, reversible physiological blocks due to edema, and Bell's palsy [see 32]. The extent of muscle retraining depends in large measure on the precise nature of the etiology, including the extent of central (Stage 2) and peripheral (Stages 3 and 4) damage. It is likely that such work will continue to progress, and that feedback techniques may develop into a standard adjunctive treatment in physical rehabilitation.
There are other more general muscle biofeedback applications of relevance to psychosomatic medicine and psychiatry. Whatmore and Kohli [6] claim that the training of whole body muscle relaxation can be used as a treatment for such skeletal, autonomic, and affective disorders as functional backache and neck pain, hyperventilation syndrome, hypertension, ulcers, anxiety, and depression. Like Jacobson [35] before them, they argue that chronic muscle tension in various parts of the body plays an important role in the development and maintenance of disregulation disorders, and through muscle biofeedback these functional disorders can be eliminated. Their neurophysiological model of "dysponesis," including case studies involving prolonged muscle retraining collected over a 20-year period, is described in The Physiopathology and Treatment ofFunctional Disorders [6] . While their approach is promising, particularly in their consideration of possible neurophysiological mechanisms and their emphasis on multi-process treatment programs, it must be recognized that their conclusions are based entirely on uncontrolled case reports. Carefully designed outcome studies have yet to be carried out demonstrating that the use of biofeedback training in the regulation of muscle tension has a central role in the treatment of these disorders.
A second major area of biofeedback therapy involves feedback for electroencephalographic (EEG) activity of the brain. The most well-documented studies are those by Sterman and colleagues [36] [2] . However, the claim that training for EEG alpha (without regard for cerebral localization) will lead to general relaxation and altered states of consciousness [37] is now recognized as being too simplistic [3, 14] [43] [44] [45] , but the interpretation of these cases is unclear.
Biofeedback for disorders of cardiac rhythms such as tachycardias and preventricular contractions (PVCs) has been investigated by Engel and colleagues [46] . There is little question that certain patients can reduce the frequency of PVCs by regulating heart rate. Interestingly, for some patients this is accomplished by decreasing sympathetic tone; in other cases it is achieved by decreasing parasympathetic tone. It appears that, depending upon the specific etiology of the arrhythmia, different components of the neural innervation must be self-regulated to achieve clinical improvement.
A major application of autonomic biofeedback involves feedback for blood pressure in the regulation of essential hypertension. Based on our blood pressure findings obtained in normotensive subjects [24] [25] [26] [27] , we studied seven patients with essential hypertension [47] . After between 5 and 16 control sessions, patients were given daily biofeedback sessions for lowering systolic pressure. Large decreases in pressure were obtained in five of the patients, ranging from 16 to 34 mmHg after 12 to 34 training sessions. Using a more sophisticated subject design where patients were taught to both decrease and increase pressure with systolic blood pressure biofeedback, Kristt and Engel [48] have replicated and extended these findings. In their study, daily blood pressure readings were obtained outside of the laboratory with a three-month follow up. These data suggest that blood pressure biofeedback can be used to help hypertensive patients regulate their pressure. However, it is not known whether blood pressure biofeedback is either necessary or sufficient for achieving clinical improvement. For example, Jacobson [35] reported that large blood pressure decreases could be obtained through general muscle relaxation, and Whatmore and Kohli [6] have extended this observation using biofeedback for muscle tension.
The utility of biofeedback in visceral self-regulation appears to be especially well documented in the training of rectosphincteric responses for the treatment of fecal incontinence. Engel and colleagues [49] used pattern biofeedback for training external sphincter contraction in synchrony with internal sphincter relaxation in six patients with severe fecal incontinence. During follow-up periods ranging from 6 months to 5 years, four of the patients remained completely continent and the other two were definitely improved. The [2, 3] . These analyses, in turn, serve to illuminate both the potential and limitations of biofeedback as a self-regulation therapy. They emphasize how biofeedback must be viewed as only one component of multi-process approach to treatment if long-term clinical gains are to be obtained.
For example, one issue of historical relevance to the development of biofeedback therapy concerns the so-called direct versus indirect approach [45, 51] . The simple, direct approach is to provide the patient with feedback for a specific symptom for the purpose of self-regulating the symptom. Once self-regulation is acquired, the hope is that the symptom will remain under control and disappear. The indirect approach is broader in scope; it argues that patients should learn to regulate as many as possible of the underlying components or mediating processes contributing to the disorder, including environmental and behavioral factors.
The indirect approach argues that biofeedback can be used to signal both the therapist and the patient that the patient is currently thinking, feeling, or doing specific things that are detrimental to his physical or emotional health. A well-known example of this approach is the use of feedback in the treatment of obesity. In the same way that a scale helps direct the therapist and his obese patient in learning how to reduce food consumption and/or to increase exercise in order to reduce weight (rather than the patient spending hours on the scale attempting to lower his weight by thought processes alone), biofeedback for physiological disorders can be similarly employed. By means of the immediate, augmented feedback (with its associated increased bodily awareness) the patient can learn new ways of coping cognitively and behaviorally with his environment (Stage 2 CNS information processing) and/or he can learn to alter his environment (Stage 1) in such a way as to keep his physiological processes (Stage 3) within safer limits. In this respect biofeedback is similar to current psychotherapies, for they all provide corrective feedback [45] in the cybernetic sense [1] .
By recognizing that disregulation disorders can have multiple etiologies requiring a multi-process treatment program, it becomes possible to determine more precisely what combination of factors is contributing to the disorder in the individual patient, and what combination or pattern of treatment approaches should be used in each individual case [2, 3] . For example, if it were found in a given hypertensive patient that the high pressure tended to occur in anger-arousing situations, the therapist could employ a variety of cognitive and behavioral approaches, including, for instance, role playing, as a means of teaching the person better ways of handling his aggression. Or, if the patient had difficulty relaxing in situations of moderate stress, the therapist could employ a variety of cognitive and behavior relaxation procedures, including muscle relaxation and meditation procedures, as a means of teaching the person better ways of reducing excessive tension. As part of the treatment, however, both the therapist and patient would profit from intermittent biofeedback (augmented Stage 4) of blood pressure to ensure that the treatment regime was effective. This use of feedback is similar to what the physician normally does when he monitors the patient's pressure as a means of titrating drug effects. The difference here, however, is the emphasis on the patient via the negative feedback (Stage 4) taking a more active role in monitoring his physiological processes (Stage 3) and in selfregulating his behavior (Stage 2) and environment (Stage 1).
There are numerous issues that need to be resolved, not the least of which is economy. Is biofeedback too expensive to be considered on a large-scale basis, especially if non-electronic relaxation procedures in and of themselves prove sufficient to produce clinically significant long-term changes [39] ? It seems probable that certain patients with certain disorders will not require augmented biomedical instrumentation to achieve improvement, but at this point it is premature to conclude (and unlikely to happen) that this will be the case for all patients. The disregulation model helps us to appreciate the multiplicity of factors contributing to functional disorders, and helps us place factors such as secondary gain and suggestion (Stage 1) and peripheral organpathology (Stage 3 and/or 4) in a total treatment approach [2] . To the extent that severe pathology reduces the brain's ability to regulate the diseased organ via normal and humoral factors, the limitations of biofeedback and other behavioral approaches can be estimated. Here timing of treatment may be very important, for a disorder may have progressed beyond the stage of reversibility by biofeedback. The themes of self-regulation (broadly defined) and biofeedback (in particular) have provided one impetus for developing the field of "behavioral medicine" [5] . It places more responsibility for both sickness and health in the hands of the patient, and suggests new directions for preventive medicine by manipulating Stages I and 2 before organic pathology in Stages 3 and 4 has a chance to develop.
However, when we view functional disorders in terms of four stages of disregulation, and we recognize that a combination of stages can contribute to the final disorder in the individual patient, it becomes clear why increasing external feedback in and of itself may not be sufficient for long-term clinical gains, even with the use of home trainers and ambulatory feedback devices. As mentioned earlier, the corrective internal negative feedback loop (Stage 4) in normal homeostasis not only provides information, but with few exceptions it also provides a strong incentive (i.e., pain), for the brain (Stage 2) to regulate itself for the sake of the organ's health (Stage 3) and, therefore, ultimately its own. For this reason, it is necessary for the therapist to consider both the information value and incentive value of biofeedback in the total treatment program. If the latter is lacking, the former will be short-lived.
In cases of extreme pain or embarrassment (such as in fecal incontinence), this adaptive mechanism provides a strong incentive for the patient to seek treatment and follow the regime. In these instances biofeedback may be particularly effective in aiding the patient to gain self-control. Unfortunately, in other disorders, such as essential hypertension, this adaptive mechanism is minimal or lacking. As a result, not only does the patient lack the feedback that something is wrong, but when he receives this feedback from his physician, he still lacks the built-in internal negative feedback which would motivate him to recover.
A good illustration of this point comes from one of our hypertensive patients who, during the feedback sessions, was successful in lowering his pressure [45] . [2] .
Consider the stomach ache once again. At no time in human history has human culture so reinforced the practice of taking drugs to eliminate stomach aches caused by the brain's disregulation. The antacid commercials of the 1970s exemplify this value system. One commercial showed an obese man stuffing himself with apple pies or spaghetti. When he got a functional stomach ache, the conclusion was not: "The stomach and the rest of the body were not meant to eat like that-your stomach ache represents the necessary biological feedback mechanism that will help keep you from further abusing your body." Instead, what we heard was "Eat, eat-and if you get a stomach ache, don't change your external environment or behavior-rather, eliminate the internal discomfort artificially by taking a pill instead." Or the commercial depicted a family shopping at Christmas time, surrounded by crowds, struggling to hold the packages, rushing from counter to counter, continually inhibiting aggression caused by being bumped or offended in other ways. And, in the process, one of the members of the family got a stomach ache. The conclusion to this scenario based on the disregulation model "The stomach and the rest of the body were not meant to live like that-your stomach ache represents the necessary biological feedback mechanism that will help you from further abusing your body" was not the message of the commercial. Rather, what we were told was "Shop, shop-and if you get a stomach ache, don't change your external environment or behavior-rather, eliminate the discomfort artificially by taking a pill instead."
Simple antacids are mild drugs, and do not always work. When this happens, medicine comes to the rescue with stronger medication to quell the pain. Then when the organ becomes sufficiently abused so that an ulcer develops and internal bleeding occurs, does the person now listen to his stomach and radically change his external environment and behavior? Often not; what he does instead is to go to his surgeon and have the stomach repaired. Medicine, by dint of its continued technological success and ingenuity, is developing new and finer means of bypassing these normal adaptive feedback mechanisms. Thus, in extreme cases a patient can have a vagotomy, thereby eliminating the brain's capability to regulate the stomach directly. And if the trend in modern medicine continues, man can look forward to the day when he can simply go to his local surgeon and be fitted with a new, artificial "super" stomach that will not only be stronger, but will produce no pain.
In this situation, we would have a brain that was no longer constrained by the needs of its natural stomach. According to the disregulation model, such a brain would be freed to continue and even expand upon the inappropriate disregulation that was the initial cause of the problem (overeating, running around too much, and the like).
The stomach is only one organ, of course. However, modern medicine is pursuing the same strategy for many of the systems of the body. Modern culture is continually reinforcing the idea that if the brain and its body cannot cope with its external environment, then the body and brain will simply have to alter itself medically to adjust to the increasingly maladaptive demands of the environment. According to the disregulation model, this prospect, if carried to an extreme, could have serious consequences for the structure and survival of the human species.
One should not come to the erroneous conclusion that biomedical intervention is always disregulatory, and, therefore, always has negative side effects in terms of disrupting natural self-regulation. The disregulation model can help us determine under what specific conditions, for what disorders, it is appropriate, not only in the short run but more importantly in the long run, to use pharmacologic and/ or surgical interventions. The disregulation model helps us explain why we should not come to the simplistic conclusion that the direct correction of Stages 3 and 4 of disregulation by medical means should be the sole approach to treatment. Clearly, the environment (Stage 1) and our behavior (Stage 2) must be regulated in order to prevent disease. Responsible health care providers know that treating symptoms rather than causes is, in the long run, not effective. In the context of the present paper, treating symptoms rather than causes is, in the long run, inherently disregulatory. The feedback (Stage 4) of illness should serve as a corrective "negative feedback" stimulus that leads us to make, whenever possible, needed changes in the environment and in our behavior. It may be necessary for health professionals, government officials, and the public alike to accept and respect in Cannon's [15] term the wisdom (and limitations) of the body (Stages 3 and 4) as it was originally designed, even though this may require more active regulation of the environment (Stage 1) by the brain (Stage 2) to keep the health and behavior of the human species intact. Biofeedback (Stage 5) can play a role in helping us to reach this goal.
